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© Hydrotreatlng process. 

© A hydrotreating process comprising: 

%^ZZt?7 T", h ^ r °^ ated "V* 00 "* 0 " °" *e presence of clean hydrogen containing gas, 
IS^SSJSLTT "JTJ hydr0treat8d ^ocarbon oil and used hydrogen containing gas 
which hydrotreated hydrocarbon oil is removed from the process 

OH) hydrotreating fresh hydrocarbon oil in the presence of used hydrogen containing gas obtained in step (ii) 

I T™! ° f *" m int ° hydr0treated oil ^ ^oontamihXen 

con ajnmg gas. wh.ch contaminated hydrogen containing gas is removed from the process, and 

v transporting partly hydrotreated hydrocarbon oil obtained in step (iv) to step (i). Further, the invention 
relates to a reactor vessel suitable for carrying out such process 



CM 
O) 

CO 

m 

If) 



Q. 
Ul 



Hank Xerox (UK) Business Services 

(3.10/3.6/3.3.11 



EP 0 553 920 A1 



75 



20 



i«JS PreSen ' L n T i0n r9,ateS ,0 3 pr0C6SS ,0r h y*otreating in a single reactor vessel comprising at 
Ef to . r 3 ? Wer b6d 3 h y drocarbo " * vvhich is substantially, liquid at process cLitfons 

and to a reactor vessel suitable for carrying out such process • wnweene 

5 be D , reLnnnTvl^o am r nt * C °" tamina,in9 W"ds. such as sulphur and aromatics. allowed to 
Sure Te Jor^^ oils according to environments legislation, will continuously decrease in the 

n TdroTS 2 """h T* in Pr0CeSS8S wHh 1,18 he,p °» which th0 conter " « s «<* compounds 

in hydrocarbon oils can be reduced to a low level in a commercially attractive way 

142024° Z TSL TT"***™ L processes ' «* *< described in e.g. British patent specification 

10 eSfrVeSl "S? ££ T ■r** - Cate,yt,C reaCti ° n SyStemS - COnsisWn 9 01 °" e ° r ™<° 
WnSr L 6 ^! : S 6 , . Cap,ta ' investment needed for such processes utilizing several reaction vessels is 
higher than the capital investment needed for the present single reactor vessel process 

least an ™ ^V? * Pr ° CeSS '° r h y*otreating ■ single reactor vessel comprising at 

Z£^%ZfZ^ bed - a hydrocarbon oil ^ is substantially liduid 

JOeontacting partly hydrotreated hydrocarbon oil obtained in step (iv) described hereinbelow at elevated 
ZSSZSSZ: ^ - UPP6r 3 h *~'» -*« - - P-niofTan' 

(ii) separating the effluent of step (i) into hydrotreated hydrocarbon oil and used hydrogen containino 
gas. wh.ch hydrotreated hydrocarbon oil is removed from the process contamng 

2 JSffiS 0il 31 temperas and pressure with a hydrotreating catalyst in 

Z ZZr^l 1 m . P 01 US8d hydr098n COntaini "9 8" obtained in 00. 

^ZIT 9 t 01 St6P (Hi) in, ° Part,y hydrotreated hydrocarbon oil and contaminated 

hydrogen contammg gas. which contaminated hydrogen containing gas is removed from triers s 

(v) transporting partly hydrotreated hydrocarbon oil obtained in step (iv) to step (i) 
pres^nceTL^^H 9 *° T^' *» *« step is carried out in the 

g^d^Cresut * " ^ " ^ "** ,8ad8 to 

The present hydrotreating process differs from conventional hydrotreating processes such as described 

ZtlffrS 9 ' ^ *• S8qU9nM °' ,he Pro ~ ss P^'s-tolTto ^e 

present invention the final hydrotreating step is carried out in the upper catalyst bed Whereas on the 

w°hS'I^n ent r a ' Pr0CeSS ' ** ^ hydr0treatin 9 «"» is <^ ad « • owT Srbed 
£2 2 ^ d T Stream *• hydrogen 988 flow - ^ OP*"** the final hydrotreating step in the 
SLSSSil S °? 6 H haS ^ adVanta9e 01 operatin9 11 at me highest hydrogen paL preLsure 
bTttX^eX^" 10 - PreSSUr9 dr ° P ^ ,h ° A hi9her hyd ^ 8 " W P^-ure g*es 

seoarl'n of^Z* * ,98ds «f " hich is substantially liquid at process conditions makes that the 
ft? pjX ?££ZZ S and hydrogen containing gas can be attained without the need to cool down 
1? hydrotreated oil. separate gas from liquid and to heat the partly hydrotreated oil up again which 
is disadvantageous from an economical point of view. ^ 

™T P° ssible 10 ob,ain the same good results as in a countercurrent mode of operation without 
S'^e!^ diSadVanta9eS °' C ° Unt ~ 0p8rafon ' 8uch 88 restrictlons^gaTS 

S b^rZ^ 2000 <dr , retainin 3 8 «"■*«« be « 's situated an inlet for gas and an inlet for liquid 

r;r ,ower zones ,or re * n,n9 a - — 8 -p— » ^ « 0 r 

so Iquid 8 ^ 8 " Z ° ne rete ' n,n9 8 **** ^ ^ *• means is situa ted an outlet for 

(^between the separating means and the lower zone for retaining a catalyst bed is situated an inlet for 

« a TZXZ ™2 gas: 813 " 1 '" 9 3 Cate ' ySt ^ iS ^ " 0Ut,8t ,0f 988 - d 80 — ^ d - 
as to which vessel a means is attached for transporting liquid obtained from the outlet for liquid situated below 

rs or or retainin9 a cataiyst ^ ,o *• in,et ,or ,iquid situat8d ab - *° uppers si-s 
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™! £22 k T? n I ! ^ 6Sent ' nVenti0n Suitebly """P" 568 a Mrodesulphurizalion process in 
c?n £ 222 > Y ' hydrod8su| Pb"rization Process in step (I). In this way a very low suiphur level 

comoounoTcS a f commerc J a "y ^ve way. Other contaminants, such as nitrogen containing 

s P^ets s^intt«- a H C !^ n T:\ b9 rem0Ved in 8 hydrodesulphurizatton process. Further, the 
^O^T^^T^^ Pr0C8SS Step ,0,,owed by 8 Mrogenation process 
S!ZZ!£ iacte way ^ ^ * ** °» C8n * 

|i01ll ^ h ^ r °f 8 [ b0 h n J 8u 2f ted «» »he present process is substantially liquid at process conditions. The 

io Sl^l hydro ? arbon 011 mates «« «** separation of the hydrotreated hydrocarbon Z from ihe 
ISS heTS Z r * Can * attained ,n a s,m P ,e way - Suiteb, y this sa P^on is canid «S 
SiiSL units ^ 8eParatln9 COnS ' 8t,n9 °' a COnven « ona, *«« *aw-off tray as used £ 

hww™ 6 ?! para ^ ion 1 p , C v > can be carried out outside or inside the reactor vessel In the first case the 
hydrocarbon o.l will usually be cooled down and needs heating up before it Sn be uLd TnlS m 

Sed 9 ' inS,de *• reaCt0r ' Preferab ' y •* *• he, P ° ?a traTas des^ JS,?, 

between 0?U?£T T V8SSe ' 9*™% te between 0.2 and tO bar. more specifically 
h^P^ure:^^ 

W.th the express™ "clean hydrogen containing gas" is meant a gas containing less than 3% bv 
volume of hydrogen sulphide, preferably iess man 1% by volume, more prefeSTessTha^ 06 I £ 
obSd^nr^'r ■ h 2 lhn 01 % by V °' Um8 - Suitabiy.-contaminated hydroge cTta^nL gas 
"coSnSng gas^' ** * ^ * " - — «" "* » - cS 

^LXTS7^T!l I* SUbStanti8l,y 31 P"*«s conditions, is understood to comprise a 
hydrocarbon oil of which a major amount, for example more than 70 % by weight suitably more than 80 % 

suitZ ^TS*JSZ tha " V° * W9lflht 18 in 1,18 *" <*™- Hy'rocaZTw^ich c^i 
SSIST r ? P M8SS accord ' n 9 to the present invention, comprise any hydrocarbon which is 
u^iTinl™ COnd ,^? S ' for 8xam P ,a te "» a "« factions. A hydrocarbo" oii Jhich couWoe 
£2. 2^1 aTTk 8 W ° U,d ^ 8 938 0i '' 88 *• Omental constraints on this oil fraction have 

SirCbirastT be a 888 *■ substantia,,y> *- 9 - more ,han ?s% by 

suhii! 2.2 ' Sbydrotr8ated in toe P~cess according to the present invention, steps (i) and (iii) are 
PreSL^ween^ Ss'lZZXT °' bMW88n 150 450 * C - •*«» between So „, « £ 
Sh^?TZL2j Z I! ' ^° re Pref9rab,y b8tW88n 340 8,1,1 385 ' C ' and ste P O * suitably 
2SL2ST * ? * b8tW88n 20 8,1(1 85 bar - P r8fe rably between 30 and 65 bar. and step (iii) s 

Tl^th 8 PreSSUre 01 betW8en 15 and 80 bar " P refe rab.y between 25 and 60 baT M 
91 , Pr8Se , nt Pr0CeSS SUi,8bly 8 ,ubrlcatin 9 0" 0°" be hydrotreated. such as a lubricatino oil 

nt^' T ^ 95% bV W8,9ht ^ in *° ^ between 320 and 600 • C 9 

suitirs^ 

eom I h l! ydrDtreat,nfl MWy * 8mpl0y8d ,n 018 P rocess accord,n 9 to the present Invention suitably 
Sntf .„ TJ^HK Tl'JT Qr0UP 1b ' ^ ^ 5b ' * b - 76 ^ d 8 of the 

stepTnld^^;' h8 "l ydro,r8atin 9 Process according to the present invention preferably involves in 
llXl^SSC^r" SteP ^ 8 W"***-- P roc8SS - or in ^ steps a 

inH 1 !l ,h J\f rSt ^ de ' f 18 " P) 8 h V dr °9enation catalyst is applied at hydrogenation conditions which 
2S t rT!f Ur ! °' betWe8n 150 8nd 350 * C - and in ^ <iii) a hydrodesuiphuri^WcaLyst is 

sulohu totera^cf of 1 h h \ SU ' PhUr C ° nt8nt iS 8ttain8d which is such the specification on the 

coula be Xned ZXTTi *?* °' « iS "* 88 0tt,8rwiS8 miS h y d ro9enation catalyst 
could be poisoned. Suitably, the hydrocarbon oil obtained in step (iv) contains not more than 15% by 
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tJtaSL!^S^l St8P J ) m 3 ^^esulphurization catalyst is applied at hydrodesul- 

2?LZ771?£ ,* e Part,V hydro,reated hydrocarbon oil obtained in step (iv) suitably 

Z£ ni„n^ „ ,** V ° ,Ume ° f sulphur containin 9 compounds, based on volume of sulphur 

containing compounds present in the fresh hydrocarbon oil 

X P IT '".T^LT SUftab,y be C3rried 0ut ,n a reactor vessel « shown in Figure 1 . 

KnSLrS n 5 9 .^H PaS TJ he SeParatln9 *** ^ reaches the lower catalyst bid Z* , line 2 

cleaned by treating it with WuSnta ^^ted^nThL^ ■ ^J** 0 **" containi,1 9 S 38 suitably 
together with ma£ P hydrogen. be^Sto ESfJ^S"" ^ ^ 

The advantages of the present invention will be illustrated by the following example. 

EXAMPLE 

uppe^^ 

the ij^J^TiS aCC K rdi " 9 t0 the AS ™ distilla,i0n curve more man 78* hy volume is in 

M^TL Zl 3 k ' m ° re *" 500/6 by volume is in me gaseous phase at 345 -C and more 

££i ^Ze^-fL 0 was ? t0 the reactor * ,ine 4 - 11,8 — "EE 

rato oi 200 SSTSThiSl ^ 3 We,9h, h ° Urly SpaCe wlocity of 2 0 ^ h and a hydrogen to oil 
ZVh NI/k9 \ The WW Partial pressure at the outlet of the upper catalyst bed was 244 bar while 
the hydrogen partial pressure at the outlet of the lower catalvst bed was 23 1 T *-L 

Table 1 





feed 


partly hydrotreated feed 


hydrotreated feed 


Sulphur content (% by weight) 


1.64 


0.21 


0.06 



, imi !! 0t t „ a ?K COrdin9 fJ?* inVenti0n, freSh feeds,ock 83 hereinabove was processed in a set-uo 

50 hydrotreated hydrocarbon oil obtained had a sulphur content of 0.11%w1 ^ ^ 
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Process for hydrotreating in a single reactor vessel comprising at least an upper and a lower catalvst 

^22E°ZX T? ? substantja,,y ,iquid at process ^ dilions ' 

e levX^m^ hydr ° Carb ° n ° H °^ ned ln Ste " < iv > descrjbed ^reinbelow, at 

JS^SE^h ln th8 UPper Cata,yst bed with 3 ^drotreating catalyst in he 

presence of clean hydrogen containing gas, 
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nL^TH^J^ ° f 516(3 ® in, ° ny*otreated hydrocarbon oil and used hydrogen containing 
gas. which hydrotreated hydrocarbon oil is removed from the process, coma.n.ng 

2«w?, C S t V reSh hydroca * on 0,1 * e'evated temperature and pressure with a hydrotreating 
catalyst In the lower catalyst bed In the presence of used hydrogen containing gas obtained in s£? 

h^ZT^ 9 eWUem °' 8tep ,nt0 ^ nvoTotreated hydrocarbon oil and contaminated 
SeS and 9 C ° ntaminated h y dro 8 en staining '* amoved from the 

w M ^Porting partly hydrotreated hydrocarbon oil obtained In step (iv) to step (i). 

z SSC 1, in whfch contaminated hydr09en containinfl 988 in ** < iv) is 

« X S^ie. ^ * *• **"■»" Oas is cleaned by 

4 21% CttllT^SK-* ,n wh,ch the cl8an **«■- co ^'"« — - 

& STd ^TanS 2?,? WhiC H <0 3nd " M 0ut at 3 tem « * between 

30 a S^ttf** ? ' ^ Jf* (i) " d m ™ out 3t a temperature of between 

J^t> ana 380 C and a pressure of less than 200 bar. 

^ Q^ritfT rd i n °i° ^ y ,K e ° f daimS ^ in wnich ,ne emprises one or more metals from 

^ <*°"P 1b. 5b. 6b. 7b and 8 of the Periodic^ 

10 ' Sen^condlr °Z f ^J*' *** «* P ® 3 nydrogenation catalyst is applied at 
XTo^condTns ^ W a Mrodesulphurizatlon catalyst is applied at hydrodesul- 

* ^in^T"" 0 10 C, fi m 10 ' "•** me hydrocarbon oil obtained in step (iv) contains not more 

« ZSSXSSZ^ (i> - 3 ^-'P^n ca^yst 

13 " 2nnr5!taL fl ?l fh'" Wh ' Ch th8 hydroCa *° n °" 0btain9d " in_Step <'^ins-between 1 

50 

14 ' wh^e^eT SUitab ' 8 hydrotre3t »ng a hydrocarbon oil according to any one of claims 1-13. in 
SS£° Ve ** UPPer 20119 retaininfl 3 C8taly * b8d i3 Situated 30 intet 9as and an inlet for 

{ ^ZZZ™* ,ower 2006 ,or retainin9 a ^ is situa,ed 3 * 

iuaeTfTJJuS 8 ^ retainin9 3 0313,751 b6d 3nd ,he m83ns is si,uated 30 
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2 cr n the separatin9 means and the ,ower zone for re,ainin9 a ca,aiyst 1)6(1 is sftuated 30 iniet 



(e) below the lower zone for retaining a catalyst bed is present an outlet for gas and an outlet for 
liquid, or an outlet for liquid and gas, 

H^Lf 3 T ' S attaCh8d f ° r trans P ortin 9 obtained from the outlet for liquid situated 
Saving a SyT^ retain ' n9 3 ^ ^ ,0 in,et *' ,iquid Srtuated *~ the — 'or 

16. Hydrocarbons obtained in a process as described in any one of claims 1-13. 
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